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I z d a t e l ' s t v o  "NAUKA", 1968. 
by 6. M. S t r e lkov  
A two-layer model i s  proposed f o r  t h e  s t r u c t u r e  of 
Venus' upper mantle,  which would al low t o  e x p l a i n  a series 
of experimental  d a t a  r e l a t e d  t o  i ts  radioemission i n  deci-  
meter waves. The two-layer s t r u c t u r e  i s  a l s o  i n  agreement 
wi th  t h e  low v a l u e s  of Venus' r e f l e c t i o n  f a c t o r  ( -l%), 
measured i n  t h e  3.6 c m  wavelength. It i s  noted t h a t  a good 
phys ica l  analogue of t h e  considered model may be t h e  sand 
d e s e r t .  
* 
* *  
A series of hypotheses w e r e  brought f o r t h  f o r  t h e  explanat ion of i n t e n s e  
r a d i a t i o n  of Venus i n  radioband. Of them, t h e  most r e l i a b l e  is  appa ren t ly  t h e  
hothouse hypothesis ,  according t o  which t h e  observed r a d i a t i o n  is  emitted by 
p l a n e t ' s  s u r f a c e  heated t o  a high temperature on account of hothouse mechanisn 
i n  i t s  lower atmosphere [ l ] .  It is then assumed t h a t  t h e  s t r o n g  hothouse e f f e c t  
is due t o  experimental ly  e s t a b l i s h e d  presence i n  Venus of carbon dioxide and 
water vapor [l, 21. The hothouse hypothesis  allowed us  t o  exp la in  a l a r g e  num- 
ber  of experimental  d a t a  on p l a n e t ' s  radioemission, such asrxthe frequency and 
phase dependences of its emission i n  centimeter and microwaves [3 ,  41, r e s u l t s  
which w e r e  obtained by Venus' d i s k  scanning from Mariner-2 [5], and so f o r t h .  
Lately,  however, new d a t a  have appeared, which still  have n o t  found t h e i r  
exp lana t ion  w i t h i n  t h e  framework of t h e  hothouse hypothesis .  Related t o  these ,  
2 
are, in particular, the results of measurements of Venus' brightness tempera- 
ture TnB in decimeter band, which was found to be 50 to 100 degrees lower 
in the 30 - 70 cm than in shorter wavelnngths [6 - 81. 
considered in [9] to explain this drop with the help of cold " holey" 
The possibility was 
or "porous" ionosphere, effectively absorbing decimeter radiowaves. However, 
it was shown in [lo] that the "porous" ionosphere hypothesis cannot be made to 
agree with the results of radar investigations of the planet. 
A. D. Kuz'min and B .  Dzh. Klark [ll] observed the polarization of Venus' 
limbs in 10.6 cm and found that the degree of polarization corresponds to the 
value of the dielectric constant E of surface formations, equal to 2.5. Esti- 
mates of E were also made on the basis of radar measurmments of planet's reflect- 
ivity in decimeter waves. The respective calculations resulted in a value 
E =: 4 [12], which differs significantly from data of work [ll]. This discre- 
pancy between the value o f  the dielectric constant of Venus' surface layers, 
determined by two different and independent methods, is considered by Plummer 
and Strong [13] as an indication that the received radiation of planet's rough 
surface is determined by two components. One of them the thermal radiation of 
the rough surface and the other - the nonpolarized nonthermal radiation arising 
in its cloud cover. 
It may be shown, however, that for the agreement of experimental results 
with the hothouse hypothesis, it is not required to introduce into the planet's 
model atmosphere a new emitting layer, as is done in [9, 131. Assume that 
Venus' upper mantle, responsible for its emission in decimeter waves, consists 
of a hard bedrock, which is covered by a thin layer of matter with lesser den- 
sity (Fig.1). 
h i n  a direction characterized by the angle 6, that is, TR(A,6), will then be 
determined by the radiation of the upper layer and that of the bedrock, attenu- 
ated during its passage through the upper layer, i,e. : 
The brightness temperature of surface emission in the wavelength 
Here TII i s  the thermodynamic temperature of the upper mantle, d, is the 
thickness of the upper layer, and y, are respectively the dielectric constant 
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and t h e  abso rp t ion  c o e f f i c i e n t  of t h e  matter forming i t ,  c2 i s  t h e  d i e l e c t r i c  
cons t an t  of bedrock matter. 
f a c e  according t o  width,  
i n t e r f a c e  between t h e  upper l a y e r  and t h e  bedrock, according t o  t h e  width,  and 
t h e  angles  8 and 8, are l inked by t h e  r e l a t i o n  s i n  8= 
c o e f f i c i e n t  y, is  l i n k  d wi th  A by t h e  r e l a t i o n  
R(E,,~) is  t h e  r e f l e c t i o n  f a c t o r  of p l a n e t ' s  sur-  
R1(~2/~1,81) is t h e  abso rp t ion  c o e f f i c i e n t  of t h e  
s €I1. The absorp t ion  
1 
y1 (A) = 2 7 ~ * ( t g  A/p,)  * p I * G l *  A (2) 
where w e  denoted by p1 and t g  A r e s p e c t i v e l y  t h e  d e n s i t y  and the  tangent  of t h e  
matter's l o s s e s  ang le  ( t h a t  forms the  upper l a y e r ) .  I n  o rde r  t o  determine the  
b r igh tness  temperature  of Venus' r a d i a t i o n ,  express ions(1)  must be i n t e g r a t e d  
over t h e  s o l i d  ang le  SB, occupied by t h e  p l ane t :  
0 
\ i  Atmosphere 
SI.Pl# PI 4/ upper layer 
I 
bearock e,.p,>p, 
Fig.1. Two-layer model of Venus' 
upper mantle s t r u c t u r e  
t h a t  of t he  bedrock, i t  undergoes twice 
It fo l lows  from express ions  (1)-(3) 
t h a t  as X rises, decrease  t akes  p l ace  
i n  t h e  con t r ibu t ion  of t h e  upper l a y e r  
t o  t o t a l  p l a n e t ' s  r a d i a t i o n ,  and, t o  
t h e  con t r a ry ,  an i n c r e a s e  i n  t h e  con- 
t r i b u t i o n  of t h e  bedrock. A s  i t  emer- 
ges  i n t o  t h e  atmosphere, p a r t  of t h e  
upper l a y e r  r a d i a t i o n  i s  r e f l e c t e d  back 
from t h e  s u r f a c e  i n t o  t h e  medium. A s  t o  
t h e  p a r t i a l  r e f l e c t i o n  before  i t  emerges 
ou t s ide :  from t h e  i n t e r f a c e  and from t h e  sur face .  This  i s  why, as X i nc reases ,  
drop i n  T 
r a t i o  c2/c1, t he  g r e a t e r  t h e  drop. 
must t ake  p l ace ,  and t h e  smal le r  t h e  q u a n t i t y  E, o r  t h e  g r e a t e r  t h e  R B  
Computations of Venus' b r igh tness  temperature f o r  t h e  two-layer s t r u c t u r e  
model of i t s  upper mantle were conducted wi th  t h e  a i d  of formula (3) i n  t h e  
5 - 75 c m  wavelength range. During t h e  c a l c u l a t i o n s ,  t h e  r e s u l t s  of which are 
[N. B.]  I n  formulas,  f i g u r e s  and t e x t  w e  preserved the  o r i g i n a l  s u b s c r i p t s ,  
namely B f o r  "Venus", f o r  "br ightness"  
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plotted in Fig.2, it was assumed that the upp r layer consists of pulverized 
granite and has the following parameters: Tn= 670OK; tgA/p,= 0.004 [14]; 
€ 1  = 1,5; 2,2 and 2,5. The corresponding values ofP1were determined from the 
relation between the dielectric constant and the density of the pulverized gra 
nite, which is brought out in [14]. 
9 (granite) and 
found with the help of Fresnel reflection factors. The thermodynamic tempera- 
ture of the surface, assumed for calculations, corresponds within the limits of 
measurement errors to the temperature at the antisolar point of the planet obtain- 
ed in [ll]. Plotted in Fig.2 are also the results of measurements of brightness 
temperature of Venus [6 - 81. 
experimental results shows that the two-layer model of near-surface layer struc- 
ture of the soil allows us to explain the drop of planet's brightness tempera- 
ture in the decimeter region of the spectrum. 
Following were the values taken for c2: 
10 (sandstone). The values of R1(E2/E1,e1) and R(s,,8) were 
Comparison of the curves obtained for Tag with 
Plotted in Fig.3 are the dependences of Venus' reflectivity on wavelength, 
RB(~), computed for the case of perpendicular incidence of the wave on the sur 
face (e  = 0). From it one may see that the two-layer structure of the upper 
mantle agrees well with the experimentally determined values of planet's reflect- 
ivity in the decimeter band. From Fig.3 it follows also that for the upper 
mantle structure considered here, the values of Rg in decimeter and centimeter 
waves must strongly differ. 
red in h 3.6 cm, may serve as a corroboration of this [15]. 
The low value of Venus' reflectivity (- 1x1, measu- 
The two-layer model of soils' upper layer structure on Venus allows us to 
explain, in the final resort, the discrepancies between the values of E, determi- 
ned from radar and polarization experiments. Kuz'min and Klark [ll] investiga- 
ted the radiations of visible planet disk's limbs, where the angles 8 and, conse- 
quently 8, are considerably different from zero. 
culations, that because the bedrock radiation at limbs is considerably attenuated 
and that their emission is mainly determined by the upper layer with low dielec- 
tric constant. Therefore, the two-layer model explains the indicated discre- 
pancy by the fact that, in one case, the signal received is that reflected from 
the center of the visible disk, and the other - the emission from its limbs. 
It may be shown by simple cal- 
A good physical analogue of the above considered structure of Venus' upper 
mantle appears to be apparently a sand desert. 
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The author is grateful to M. A. Kolosov, A. G. Pavel'yev and I. A. Savich 
for their attention to the work and its discussion. 
* 
* *  
ANNOTATION AT CORRECTION 
The Soviet AS "VENERA-4" measured the basic parameters of planet's atmo- 
sphere. (see [16]). The pressure and temperature on Venus' surface are res- 
pectively 20 atm and - 550OK. 
sphere us .Y 95%, and the H,O content is - 0.1 - 1.7%. 
The respective calculations have shown that the optical depth of Venus' 
atmosphere Tatm varies from 1.9 to 0.57 in X 3.6 cm and from 0.02 to 0.06 in 
A 12.5 cm, as water vapor content varies from 0.1% to 0.7%. The indicated 
values of Tatm are insufficient for the explanation of the discrepancies in 
the measured values of RB in these wavelengths by only the absorption in venu- 
sian atmosphere [17]. The accoutning of atmosphere absorption will result, 
however, in the decrease of the values dl , required for the agreement of the 
two-layer model of the upper mantle with the results of measurements of RB in 
the redioband. 
The carbon dioxide content in planet's atmo- 
T H E  E N D  
Institute of Radioengineering 
and Electronics of the 
USSR Academy of Sciences 
CONTRACT No.NAS-5-12487 
VOLT INFORMATION SCIENCES, INC. 
WASHINGTON D.C. 20036 
Te: 223-6700 (X-36) 
1145 - 19th St.NW 
Manuscript received on 
10 November 1967 
Translated by ANDRE L. BRICHANT 
on 16-17 January 1969 
References follow... 
ST-LPS-RA-10798 8 
R E F E R E N C E S  
1. U. KELLOG, K. SAGAN, Atmospheres of Venus and Mars, (Foreign 
2. 
3, 
4. 
5. 
6. 
7. 
8. 
9 .  
10. 
11. 
12. 
13. 
14. 
15 e 
16. 
17. 
Literature) 1962. 
M. BOTTEMA, W. PLUMMER, J. Strong. Ann. Astrophys. 28, No.1, 
225, 1965. 
G.M. STRELKOV, Question of Astrophysics. Investigations of 
Atmospheres of Venus and Mars, Kiev, 
Izd-vo "Naukova Dumka" 21, 1965 
J.B. POLLACK, C. SAGAN, Icarus, 4, No.1, 62, 1965. 
A.G. PAVEL'EV, G.M. STRELKOV, Kosmich. Issled., 5, 
A.D. KUZ'MIN, M., FLAN, Dokt. Diss., 1965. 
H.E. HARDEBECK, J. Nat. Bur. Standards. Radio Sci., 69, D, 
No. 12, 1573, 1965. 
K.I. KELLERMANi!', J. Nat. Bur. Standards. Radio Sci., 69, D, 
No. 12, 1574, 1965. 
A.D. KUZ'MIN, IZWZ - Radiofizika, 7, No.6, 1021, 1964. 
G.M. STRELKOV, Radiotekhnika i Elektronika, 12, No.5, 771, 1967. 
A.D. KUZ'MIN, B.J, CLARK, Astron. Zh. 42, No.3, 595, 1965. 
Sb. "Radiolokatsia Venery'' M. , IL 1963 a 
W. PLUMMER, J. Strong. Astrophys. J., 143, No.1, 422, 1966. 
V.D. KROTIKOV, IZWZ - Radiofizika, 5, No.6, 1057, 1962. 
D. KARP, W.E. MORROW, W.B. SMITH. Icarus, 3 ,  No.5 - 6, 473, 1964. 
Newspaper "Pravda", 22 October 1967 a 
Yu.N. VETUKHMOVSKAYA, A.D. KUZ'MIN, 
Dvukhsloynaya model' atmosfery Venery. (Ob 
interpretatsii radiolokatsionnykh nablyudeniy) 
Double-layer model of Venus' Atmosphere. 
(On Interpretation of Radar Observations) 
* * * * * * * * * * *  
